Changes in the metaphase transit times and the pattern of sister chromatid separation in stamen hair cells of Tradescantia after treatment with protein phosphatase inhibitors.
Stamen hair cells from the spiderwort plant, Tradescantia virginiana, exhibit remarkably predictable metaphase transit times, making them uniquely suitable for temporal studies on mitotic regulation. In this study, we describe two kinds of experiments that test whether protein phosphatase activity is a necessary prerequisite for entry into anaphase in living, mitotic cells. We treated cells at specific points during prophase, prometaphase and metaphase with the broad-spectrum protein phosphatase inhibitor, alpha-naphthyl phosphate (administered by microinjection), or with the naturally occurring, potent phosphatase inhibitors okadaic acid, microcystin-LR or microcystin-RR (administered by perfusion), and we have observed changes in the metaphase transit time that are primarily dependent on the time of initial exposure to the inhibitor. Maximal extensions of the metaphase transit time result from alpha-naphthyl phosphate microinjections initiated in mid-metaphase, 10-20 min after nuclear envelope breakdown. Perfusions with okadaic acid started during a specific interval in mid-metaphase, 15-20 min after nuclear envelope breakdown, resulted in a statistically significant extension of the metaphase transit time. Perfusions with either microcystin-LR or microcystin-RR initiated 15-26 min after nuclear envelope breakdown extended the metaphase transit times significantly. Treatments of cells with okadaic acid or with either of the microcystins initiated outside this mid-metaphase interval either were without effect or, alternatively, resulted in a significant shortening of the metaphase transit time. In addition to their effects on the timing of anaphase onset, treatments with these protein phosphatase inhibitors also resulted in a remarkable change in the way in which these cells enter anaphase. Sister chromatid separation in stamen hair cells typically requires only 5 seconds, but after treatment with any of these inhibitors some, but not all, of the chromatids split apart at anaphase onset. Those that split begin to migrate toward the spindle pole regions, while those that fail to split remain at the metaphase plate. Later, more of the paired chromatids split apart and begin moving toward the spindle pole regions. Those that fail to separate remain at the metaphase plate. This process can be repeated several times before all of the chromatids have separated. Thus, entry into anaphase becomes extremely asynchronous, and as much as 30 min can transpire between the centromeric separation of the first and last chromosomes. Some of the chromosomes complete their anaphase movements before others have even split apart at the metaphase plate. Asynchronous separation did not result in a permanent segregation anomaly.(ABSTRACT TRUNCATED AT 400 WORDS)